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1.0 SUMMARY OF RESULTS 

An a e r i a l  r a d i o l o g i c a l  measuring system was used t o  survey t h e  

area surrounding1 t h e  M o n t i c e l l o  M i l l  s i t e  i n  M o n t i c e l l o ,  Utah, i n  l a t e  

September 1980. The survey was conducted f o r  t h e  U.S. Department of 

I Energy 's  O f f i c e  o f  Opera t iona l  S a f e t y  by t h e  Department 's Remote 
, 

Sensing Labora tory  o f  Las Vegas, Nevada. The h i g h e s t  measured r a d i -  

a t i o n  exposure r a t e s  (normal ized  t o  3 f e e t  above t h e  ground) ranged 

f rom 70 t o  150 pR/h over  t h e  M o n t i c e l l o  t a i l i n g s  p i l e .  

Natura l ,  background exposure r a t e s  lmeasured by t h e  a e r i a l  system 

ranged f rom 14 t o  16 pR/h, w i t h  an average v a l u e  o f  approx imate ly  

2.0 INTlRODUCTION 

I An aerial1 r a d i o l o g i c a l  survey was conducted over  a 9.6 square 

m i l ~ e  area surrounding t h e  M o n t i c e l l o  M i l l  s i t e .  The da ta  were obta ined 

between 23 and 27 September 1980 f o r  t h e  U.S. Department o f  Energy 's  

O f f i c e  o f  O'perat ional  S a f e t y  (00s) by EG&G of Las Vegas, Nevada u s i n g  

an MBB 1B0-105 he1 i c o p t e r .  

The 00s conducts r a d l i o l o g i c a l  surveys a t  s i t e s  and f a c i l i t i e s  

where n u c l e a r  o p e r a t i o n s  were f o r m e r l y  conducted f o r  t h e  Government. 

The purpose o f  t h i s  a e r i a l  survey was t o  p r o v i d e  i n f o r m a t i o n  t o  h e l p  

gu ide  t h e  lp lanning of  any f u t u r e  ground-based surveys i n  t h e  same I 
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vicini ty .  

f o o t  l ine  spacings. 

The survey was flown a t  an a l t i t ude  of 150 f ee t  w i t h  250 

Aerial radiological detection systems average the radiation levels 

produced by gamma-emitting radionuclides existing over an area of 

several acres. These detection systems are  capable of determining 

specif ic  radionuclides causing radiological anomalies. However, because 

of averaging, airborne systems tend to  underestimate the magnitude of 

localized sources as compared t o  ground-based measurements. 

systems and procedures employed i n  obtaining and processing aer ia l  

radiation data are  presented i n  References 1 and 2. 

The detailed 

I n  aer ia l  radiological surveys, the energy of gamma rays ,  their  

source concentration, and rellative d i s t r i b u t i o n  are  measured by spe- 

cialized instrumentation. The resu l t s  are  reported as radiation ex- 

posure rates  i n  microroentgens per hour ( p R / h )  a t  3 f e e t  above the 

g round .  The maximum annual  radiation dose that  could be absorbed 

t h r o u g h  continuous exposure ( 2 4  hours a day for 365 days to  a constant 

source of radiat ion) ,  i s  expressed i n  millirem per year (mrem/y), and i s  

obtained by mul t ip ly ing  the exposure rate i n  pR/h by 8.76. These r e s u y  

apply t o  external gamma r a d i a t i o n  only and do not account fo r  i n h a l a t i o n  

or ingestion of radioactive materials. The actual amount of radiation 

absorbed depends on the duration and circumstances o f  exposure. 

3.0 BACKGROUND RADIATION 

Background radiation originates from naturally occurring 

radioactive elements present i n  the earth (terrestri lal  radiation) and 

cosmic rays entering the ear th ' s  atmosphere f rom space. The t e r r e s t r i a l  

gamma rays originate primarily from the uranium decay chain, the t h o r i u m  . 
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decay cha in ,  and r a d i o a c t i v e  potassium. Var iab le  concen t r a t ions  of 

these nuc l ides  produce estimatedl annual background r a d i a t i o n  doses  

a t  the su r face  of the e a r t h  i n  the Unitedl S t a t e s  of about  15  t o  140 

mrem/y. 

i n s t e a d  of cont inuous exposure cond i t ions .  

These background r a d i a t i o n  dose e s t ima tes  a r e  based on t y p i c a l  

Higher background r a d i a t i o n  

rn s t a t e s ,  p r imar i ly  i n  

g h  uranium and thorium 

cosmic r a d i a t i o n  because 

dose levels ( u p  t o  140 mrem/y) a r e  found i n  west 

the Colorado Pla teau  a r e a ,  and a r e  a result  o f  h 

concen t r a t ions  i n  s u r f a c e  minera ls  and increased  

of higher  e l e v a t i o n .  

The uranium decay cha in  inc ludes  radium-226 and i t s  daughter ,  

lradon, w h i c h  i s  a noble gas ,  i . e . ,  i t  will  no t  combine cihemically w i t h  

o t h e r  elements. 

and move through the a i r  t o  o t h e r  l o c a t i o n s .  T h u s ,  the l eve l  o f  r a d i -  

a t i o n  con t r ibu ted  by this  noble gas  i s  dependent ulpon meteorological  

c o n d i t i o n s ,  mineral  and mois ture  c o n t e n t  and permeabi l i ty  of the s o i l ,  

and o t h e r  physical  cond i t ions  e x i s t i n g  a t  each l o c a t i o n  a t  any par- 

t i l cu la r  time. Radium-226 and radon a r e  always found w i t h  uranium o r e  and1 

t a i l  ingls. They produce r a d i a t i o n  exlposure r a t e s  g r e a t e r  than the normall 

background r a d i a t i o n .  

background r a d i a t i o n  levels.  

T h e  r ad ionuc l ide  radon can bothl d i f f u s e  through s o i l  

Radon c o n t r i b u t e s  from 1 t o  10% of  the na tura l  

Cosmic r a y s ,  the space component of the na tu ra l  r ad io log ica l  back- 

ground, i ln te rac t  i n  a complicated manner w i t h  the elements o f  the 

e a r t h ' s  atmosphere and s o i l .  These cosmic r ay  i n t e r a c t i o n s  produce 

a d d i t i o n a l  bac'kground r a d i a t i o n  dose r a t e s  which vary s l i g h t l y  w i t h  

l a t i t u d e  and d i r e c t l y  w i t h  a l t i t u d e ,  i nc reas ing  from 26 mremly a t  sea 

l eve l  i n  'F lor ida  t o  107 mrem/y a t  10,000~ feet above sea l eve l  a t  some 
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locations i n  Colorado. 

(one mile above sea level)  i s  a b o u t  50 mrem/y. 

The cosmic ray dose r a t e  i n  Denver, Colorado 

The  aer ia l  survey resu l t s  include the t e r r e s t r i a l  gamma radilation 

measured throughout the survey area and an estimated cosmic ray exposure 

ra te  b u t  excludes the contribution from airborne radon. 

4.0 SURVEY BOUNDARIES 

The Monticello survey area i s  located i n  the southeast corner of 

Utah i n  San Juan County. 

l ine  i n  Figure 1. 

of Monticello and the mill s i t e .  

approximately 3.5 miles t o  take into account the drainage of Montezuma 

Creek and west t o  the foothillis of the Manti-La Sal National Forest. 

The survey boundary i s  indicated 'by a dashed 

This survey area was chosen to  incorporate the town 

I t  extended east  of the ta i l ings  area 

5.0 SURVEY RESULTS 

The resu l t s  of the aer ia l  survey are  presented i n  Figure 1 as 

closed contour curves of t o t a l  gamma radiation exposure rates  (iso- 

radiation contours) i n  units of  pR/h a t  3 f ee t  above g round ,  overlaid 

on an aer ia l  photograph .  These d a t a  a l s o  include an estimated 7 pR/h 

cosmic ray contribution. 

From a detailed analysis of the d a t a  used t o  prepare Figure 1 ,  

na tu ra l  background radiation exposure rates  generally ranged from 14 

t o  16 pR/h, w i t l h  scattered locations t h r o u g h o u t  the survey area fluctu- 

a t i n g  between 1 2  and 19 pR/lh because of na tu ra l  clhanges i n  terrain and 

soi l  composition. The average background t o t a l  gamma exposure ra te  i n  

Monticelllo was 15 pR/h. 

indicated w i t h  white contour l ines .  

I n  Figure Il, background exposure rates  are 
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The highest radiation exlposure rates  were observed over the 

Monticello Mill and ta i l ings  area (Figure 1 ,  Area 1 ) .  Exposure rates 

as high as 150 pR/h (approximately 10 times the local background) were 

observedl over the ta i l ings  pi le .  

As indicated in Section 3 of th i s  report, background r a d i a t i o n  

exposure rates  a re  hig'hly varia'ble. Even for  an area as small as the 

Monticello survey boundary, the soi l  i s  n o t  homogeneous. I t  contains 

naturally occur ng potassium-40, uranium, thorium and the i r  radioactive 

daughter products i n  differing amounts. 

decaying radium-226 detected with instruments cannot lbe distinguished 

from excess radium-226 concentrations in ore o r  t a i l ings .  Therefore, 

only the re la t ive  concentrations and locations o f  radium-226 provide 

clues t o  i t s  origin.  

The signature of naturally 

Special d a t a  processing helped t o  identify areas which contained 

relat ively more radium-226 ac t iv i ty  than typical background so i l s .  Excess 

radium-226 ac t iv i ty  generally indicates the presence of uranium ore or 

uranium mill t a i l ings .  Data processing de ta i l s  are  given in 'Reference 2.  

Tlhe resul ts  of t h i s  special analysis have been incorporated into Figure 1 

along with the total  gamma radiation exposure rates .  

a positive identification of excess radium-226 are  indicated w i t h  green 

and blue contour l ines .  

Those areas with 

Area 1 in Figure 1 i s  the mill and ta i l ings  area of Monticello. 

The ac t iv i ty  iln t h i s  area i s  a combination of deposiltion associated with 

past mill operations and dispersion and deposition associated with wind 

and water erosion. The t a i l  o f  Area 1 extending southeast o f  the mill 

area i s  the relat ively deep cut creekbed o f  Montezuma Creek and the major 

drainage area of the mill1 and ta i l ings .  Area 2 i s  also located in the 
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creekbed and probably con ta ins  water-eroded t a i l i n g s  a s soc ia t ed  w i t h  

p a s t  mlill opera t ions .  Areas 3, 4 ,  5 and 6 a l s o  ind ica t ed  an excess  o f  

radium-226 b u t  i n  observing their  l o c a t i o n s  i n  re l la t ion t o  tlhe mill and 

the t e r r a i n  they a r e  un l ike ly  l o c a t i o n s  f o r  m a t e r i a l s  a s soc ia t ed  w i t h  mi l l  

opera t ions  and a r e  most l i k e l y  n a t u r a l l y  occurr ing pockets of increased 

radium-226 concent ra t ion .  

I t  should be noted t h a t  t h e  a r e a s  i n  Figure 1 i n d i c a t i n g  excess 

radium-226 a r e  not  precise boundaries of effected a reas .  IDue t o  the  

parameters under w h i c h  a e r i a l  r ad io log ica l  da t a  a r e  c o l l e c t e d  and 

processed i n  some cases  the extent of the radium-226 concent ra t ions  may 

extend s l i g h t l y  beyond the a rea  ind ica t ed  and i n  o t h e r s  may be well 

def ined and i s o l a t e d .  For example, the " E "  contour surrounding Area 1 ,  

Figure 1 ,  most l i lkely con ta ins  some wind  blown t a i l i n g s  m a t e r i a l .  

Therefore ,  only ground based survey techniques can v e r i f y  w i t h  c e r t a i n t y  

the p r e c i s e  d i s t r i b u t i o n ,  concent ra t ion  and source of radium-226. 
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